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Some Remains of a Past Fauna. 


WALTER L. HAHN, Pu. D. 


During the summer of 1909, students in the Biological Station 
at Winona Lake, Indiana, discovered the remains of two species of 
the deer family. Both specimens were found on the grounds of the 
Winona Assembly and both are deposited in the museum of Indiana 
University. 

One of them is a portion of a lower jaw of the Virginia deer 
(Odocoileus virginianus). It was found on the gravelly bottom of 
the south bathing beach and was not covered by silt or debris. 
The mandible was broken squarely just behind the symphysis and 
also behind the molars as thoug . by a blow from a dull instrument 
while still attached to the cranium by flesh and ligaments. Deer were 
abundant in this region until the early fifties and were not exter- 
minated until twenty years later; so that the occurrence of this 
bone in a good state of preservation is not surprising. 

The other specimen is of more interest. It is a portion of an 
antler of the wapiti or elk (Cervus canadensis). Although elk must 
have been fairly numerous in Indiana when the region was first 
settled, they had become nearly extinct by the time the state was 
admitted to the Union. Their remains are by no means common 
and there are but few records of the actual occurrence of the species 
in the state. 

The antler mentioned above, was found in the bed of Cherry 
Creek about one-eighth of a mile from its mouth At this point the 
creek has cut a narrow channel, about six feet deep, through marl 
and loam. The antler was probably exposed by the erosive action 
of the stream and perhaps uncovered by the breaking down of the 
bank. Its age is therefore problematical but it apparently belongs 
to a recent rather than a prehistoric species. 


* October 15, 1909.—Pages 81 to 104. 
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The ‘‘Knee-Joints’’ of Species of Mougeotia. 


During the spring of 1907 I was fortunate in obtaining some 
good conjugating material of Mougeotia scalaris (Mesocarpus scalaris) 
specimens of which were sent to a professor in one of the western 
universities. The plants were said to be the most typical he had 
met with, and he called my attention to the fact that he seldom if 
ever had found this plant in any other condition except that of 
the formation of the ‘‘knee-joints.’’ From the context of his 
remarks I was led to believe that he considered this formation of 
the often observed ‘‘knee-joints’’ of this plant as a stage preparatory 
to, if not an actual stage of+the process of conjugation. As I had 
not devoted much time to the subject before my attention was called 
to this phenomenon, and being well acquainted with all the stages 
of conjugation of Mougeotia scalaris (Mesocarpus scalaris) and 
Mougeotia mirabilis ( Pleurocarpus mirabilis) I became very much 
interested in the problem and sought the very next occasion to try 
to gain some information of the phenomenon of the formation of 
the ‘‘knee-joints."’ I had often seen these angular contact forma- 
tions in vegetative filaments of these plants, and my very first 
suspicion as to the nature of them and their meaning was that 
whatever biological interpretation might be put upon them they 
certainly were not a preliminary stage in the process of conjugation. 
In fact after studying carefully all the stages in this formation of 
the zygospore of either species of Mougeotia mentioned, of which I 
had an abundance of splendid material in every stage of conjugation, 
I was sure that the ‘‘knee joints’’ were not conjugating stages. 
After consulting Dr. G. S. West I was informed that the ‘‘ knee- 
joints’’ as a problem was not thoroughly understood and presented 
an interesting phenomenon to be investigated. 

That the process mentioned is not a stage of conjugation, which 
I think many believe, is evident from the fact that the sexual 
process of the formation of zygospore is quite different. Of course 
in Mougeotia mirabilis this is self evident because conjugation 
almost without exception takes place between adjacent cells in the 
same filament, the zygospore, being formed in the protuberance 
between the two cells. ‘‘ Knee joints’’ are always formed by the 
distinct filaments of cells approaching one another, and forming an 
angular contact between a cell of one filament with one of another 
filament. The bend is usually only in the cells that come in con- 
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tact when cells at the ends of the respective filaments show the 
phenomenon, the union is effected usually in different geometric 
planes as well. No protuberance is formed as is the case in the 
process of conjugation, and as far as I have been able to ascertain 
the contents of the cells in contact of the different filaments never 
fuse, or form any opening whereby the contents could pass through 
from one cell to another. The contact of the cells seems all that 
results, and the walls of the cells at the angular point of union 
are not perforated, but simply become fastened or glued together 
over an area which does not exceed the diameter of the cells. 

In conjugation of Mougeotia scalaris between different filaments, 
protuberances are formed that gradually approximate, and finally 
on contact open, and the two gametes combine with the formation 
of the zygospore half way between the filaments. There is no stage 
in the process of conjugation of this plant that in any way resembles 
in the least the formation of ‘‘ knee joints.’’ Zygospore and ‘‘knee- 
joints’’ I have never seen in the same material so that it may be 
concluded in a way that they do not occur at the same time, and 
are therefore entirely distinct life phases that have an entirely distinct 
bearing on the life functions of the plant. As I have never seen 
typically conjugating material with ‘‘ knee joints’’ so I have never 
seen the ‘‘ knee joints’’ in any except in typically vegetative stages, 
and not even when there was a single zygospore present. I have 
made a great many examinations of vegetative and conjugating 
Mougeotia and the conclusions seem fairly conclusive to me. 

The question has often come up to me in the past few 
years: ‘‘What is the biological meaning of the ‘‘knee joints?’’ 
I have often sought for a favorable occasion to study the 
problem, and at last a chance presented itself when I found 
an abundance of A/ougeotia in one of the jars in the labora- 
tory. The material was as healthy, and typical as I have ever 
seen in the field, and was exclusively in the vegetation condition. 
At first very few plants were present, and in a few days microscop- 
ical examination revealed the presence of the ‘‘ knee joints.’’ A 
considerable time was spent in studying the nature of the union. 
It was noticed that in a number of cases of the phenomenon, 
and apparent degeneration, or darkening in color, of the platelike 
chromatophore of one or both of the cells was noticed at which the 
filaments combined. I had about decided after a number of con- 
tinued investigations to give up the problem, when by accident a 
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very slight contact of the coverglass with my finger, revealed the 
fact that the filaments where ‘‘ knee joints’’ were present became 
completely disintegrated to such an extent that all or nearly all of 
the cells in such filaments separated from one another and became 
free floating ones that presumably would be able each to develop by 
repeated division into new filaments. Normally the cells in a 
filament of Mougeotia hold firmly together so that it more readily 
breaks across the middle of a cell that at the place when two cells 
are attached. The process of jaming or disturbing such material 
was subsequently advertently tried and the same disintegation of 
filaments resulted, in material with ‘‘ knee joints’’ present. More- 
over it was observed that some days after the appearance of the 
bendings the amount of A/ougeo/ia increased enormously, and espe- 
cially the number of filaments was greatly multiplied, thus lending 
favor to the supposition that the disintegration of the cells following 
the phenomenon of ‘‘ knee joints’’ was a device for increasing the 
number of plants, each free floating cell of subsequent division 
becoming a new individual. Looked at in this way the bendings 
might be interpreted as a phenomenon preliminary to the process of 
vegetative multiplication of the individuals, and may be considered 
as the first step in a process of multiplication of the plants. 

Though no protoplasmic contents can apparently pass from one 
filament to the other at the point where the union of the bends, still 
it is not impossible that certain more or less soluble substances be 
exchange at this point by osmotic pressure between the two 
filaments. Such substances might affect by mutual exchange the 
condition of the protoplasm of either indivicual plant one of the 
results being the tendency of the cells to disintegrate. These 
conclusions or theories may be unwarranted by the premises, but 
certain it is that the ‘‘ knee joints’’ are not stages of conjugation 
as I have found to be a prevalent belief, and likely it is that they 
serve some important function in the plant whatever this be, and 
though they may have been frequently observed either their purpose 
has been misinterpreted or overlooked. Though the explanation 
here offered is probably both unsatisfactory and, owing to more 
detailed and continued investigation unwarranted, we offer it only 
as a suggestion or an explanation, and feel that we may insist that 
‘*knee joints’’ have no bearing on the conjugation process whatever, 
as none of the stages of the latter in any way resemble the phe- 
nomenon in question. 
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Hints on Collecting and Growing Algae for Class 
Work. 


J. A. NIEUWLAND. 


A great deal of worry and trouble is usually anticipated by the 
teacher in obtaining cryptogamic material for classes of botany. 
During the past few years I have received so many requests from 
high school instructors regarding methods of procuring such 
plants, that I thought it advisable to outline briefly some general 
and particular methods that may be of help to the teacher. Neces- 
sarily many of the hints here given will be well known to the 


algologist, but the average instructor in botanical technique may 
not have had the time and opportunity to acquire experience which 
to the expert is likely to seem commonplace. Many, apparently 
even experienced instructors, well acquainted with the higher 
plants, I have found confess that they are unable to obtain the 
most common and ordinary forms of the lower plants. 

As a matter of fact it is not especially difficult to obtain or 
even grow the lower plants, and most of them once gotten are 
easier to keep a long time than the phanerogams. There is re- 
quired, of course, a certain knowledge of the habits and methods 
under which the development of algae proceeds best, but with a 
little experience, acquired only by patient reiterated efforts at 
growing such, their response to attempts at cultivation will soon 
be surprisingly gratifying. 

Our common text-books and even systematic treatises do not 
give us much help in growing such plants, and for the most part 
do not even state clearly the habitat.of the same. Nothing is said 
about the cultivation of lower plants in the laboratory. The object 
of this article, then, is to supply in a limited way, some hints for 
obtaining and growing the common types of algae, from the field or 
laboratory aquarium. 

Here, more than in any other undertaking experience, often 
fraught with failure is the best instructor and guide, but as it is 
also true that most teachers have not even the right idea how to 
make a start, I shall feel repaid if I can hope that some, at least, 
will realize as the result of these few hints that it is worth while to 
make the attempt even though many failures result. A few suc- 
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cesses will repay for many failures. At the very outset we shall 
find that growing algae in the laboratory will be, on the whole, 
an easy matter in spite of the fact that at present we know very 
little about the subtle influences to which these plants respond. 
We may often feel obliged to refer our successes to luck, but as the 
chances of success and failure are about equal on the average, the 
results of the game are worth the venture, and after a number of 
failures we come to feel that a series of successes are due to us as 
a result of effort, while he that never tries dares not even hope to 
succeed even once. 

Nearly all the piants ordinarily demanded by the common text 
as types for instruction can, with reasonable foresight be obtained 
in the laboratory aquarium by development, or be found out of 
doors in nearby ditches and pools. Often preserved material 
answers our demands almost as well as live material, so that if any 
particularly good specimens are found in the field, they should be 
gathered and ‘‘pickled’’ in as large a quantity as obtainable. 
Though plants will often appear annually or periodicelly in places 
where once found, it is well to consider that the next periodical 
appearance in abundance in any given locality may be as long as 
ten years away, and that it is therefore best to obtain as much 
as possible even at the cost of considerable inconvenience. 

We know little or nothing about the periodicity of the reap- 
pearance of algae in any given place, and hence there is no other 
circumstance when it is so much worth while to make the best of 
an opportunity, as in case of an abundant appearance of some rare 
specimen of algae. 

I shall first discuss some general considerations helpful to suc- 
cess in growing algae in the laboratory, and then give detailed 
methods for some common individual specimens. 

The first and most common mistake made by those that 
attempt to keep algae alive in the laboratory is to change the water 
in which these plants are. The motive for so doing is a well in- 
tended one, but there is a fallacy connected with it. The reason 
usually given is that a change of water prevents decay by the 
action of bacteria. Paradoxical as it may seem there are few if 
any of the hardiest algae that can stand such hard treatment 
though well meant. 

A little reflection will show that since it is so difficult for the 
lower plants to accomodate themselves to their environment, a 
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daily change of water means a daily change of environment, and 
they have no sooner made an attempt to react favorably to their 
surroundings and begun to accomodate themselves when new con- 
ditions are again forced upon them. Therefore changing more 
than once the medium in which they are, is doing them the great- 
est harm possible, and under the circumstances algae almost in- 
variably die, and disappear very soon, sometimes not to return. 
It is, therefore, just because these plants are so delicate and are 
affected by influences so subtle that we do not yet fully understand 
them, that we must refrain from multiplying the difficulties under 
which they thrive. The fact that most of these plants are nor- 
mally found in stagnant or still water, which nature does not 
change, at least during their lifetime or growing period, is proof 
enough that they grow best in water in the laboratory which most 
resembles their natural habitat. Some algae like Chetophora, 
Batrachospermum and Ulothrix are found in running or dripping 
water in their native abode. Such plants are, however, perma- 
nently transplanted from the field to the laboratory with the great- 
est difficulty. It is almost impossible to preserve live Ulothrix, for 
any length of time, whether put into still or running water after 
collecting. 

In general, plants must be brought from the field to the 
laboratory with conditions as near as possible to those under which 
they are found, and so kept. It is always best, when possible, to 
put into the vessels the very water in which they were obtained. 
Some algae can not stand the shock of being transferred to other 
water in the aquaria. A single change of water is fatal to them. 
Such delicate forms may, however, be obtained and made to grow 
by a method which will be outlined in the course of this article. 

Algae which can withstand the shock of a single change of 
water from the field to the tap water in the aquaria will present no 
great difficulties in their successful growth. Often it will be found 
that they disappear for the time being. The beginner will conclude 
that they have completely disappeared as ‘the result of bacterial 
action, or death, when they have only gone into some resting stage 
inthe form of reproductive spores, usually as hypnospores. The 
temptation then comes to throw out the contents of the jar and 
begin over again with another culture. Starting another culture 
is of course a good thing to do, but it is also good to leave the con- 
tents of the jar for a few months, and it will be invariably found 
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that the disappeared forms will rather suddenly come back, often in 
better condition than when first found in the field, or if the plants 
do not appear, others equally or more valuable will develop, for 
which we have sought with as much care. Algae are never found 
in their native habitat in pure culture. The disappearance of one 
specimen is often but the reason of the appearance of another that 
only waited for its predecessor to go in order to come upon the 
scene itself. When the same algal forms reappear it is but a sign 
the resting stages of the reproductive organs had been slowly 
adapting themselves to an énvironment in which they finally found 
it possible to germinate and thrive. 

The contents of an aquarium need only be thrown out when 
complete organic decomposition has taken place which is indicated 
by the presence of bacteria, often by a purple-violet coloration of the 
water and always by an over-powering disagreeable odor of decay, 
Even after this, however, desirable plants in form of Myxophyceae 
especially Osci/latoria have subsequently been known to develop. 
Another instance in which it is advisable to pour out the contents 
of the jar is when a small form of Oscillatoria appears. This is 
easily recognized under the high power of the microscope, but even 
as a type of Oscé/latoria it is not valuable, as it is too small to serve 
for demonstration. The cells and contents are better brought out 
by larger forms. Moreover the plant prevents the development of 
all other desirable plants except other Myxophyceae such as 
Glacocapsa, Chroococcus, Anabaena, WNostoc, Tolypothrix, Cylin- 
drospermum and Rivularia. Whenever this small Oscdllatoria 
obtains possession of a jar it destroys everything else either by 
crowding it out or choking it to death or actually posioning it, by 
means of some evil smelling compound partly soluble in the water 
in which the plant is found. Even Cladophora which is one of the 
most hardy of the algae and which will stand continuous changes 
of water quite well, and will remain several years unchanged in a 
small bottle without being affected noticeably, will disappear quick- 
ly under the influence of this small dark blue Osccllatoria. 

Complete removal of this enemy of the aquarium is only effect- 
ed after very thorough disinfection cf vessels with formaldehyde, 
or another equally energetic disinfectant. The Oscillatoria does not 
seem to prevent the growth or reappearance of other Myxophyceae 
(Cyanophyceae or Blue Green Algae) and a good culture of any of 
these need not be disposed of to prevent the ravages of the enemy. 
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It is, however, best to keep the Osci/latoria out of the laboratory as 
completely as possible, because if tolerated in but one jar it will 
almost unaccountably spread to all the others until it has become so 
prevalant that no plant can be raised or kept in the laboratory until 
the whole room has been thoroughly and completely disinfected. I 
have found this plant a greater enemy to the laboratory and aqua- 
rium than any and all bacteria together. The latter, as a rule, have 
definite periods of growth and for a long time their ravages are in- 
terrupted, but the Osci//atoria is always present and never ceases its 
ravages. Hot water is not sufficient to kill the plant. Some of the 
congeners of this plant are known not only to exist but actually to 
thrive in the almost boiling water of some of the springs and 
geyser basins of Yellowstone Park. 

Bacterial decomposition can best be prevented by avoiding the 
introduction into the jar of too much of the collected specimen. 
But a small amount of any given specimen should be put into a jar, 
about a cubic inch of plant mass to the gallon. Nature will often 
subsequently grow plants in larger proportion both in laboratory 
and the field than this, but nature has also already gradually 
accommodated the plants to the environment, and this accommoda- 
tion has not been effected when we start a new culture. 

It is advisable to have small aquaria. The jars should not 
ordinarily be larger than six gallons capacity and the best results 
have been found to take place in one or two gallon vessels. Aquaria 
of twenty gallon capacity are good for raising crustacea entomo- 
straca, worms, insects and even higher animals but these are among 
the greatest enemies to the algae. Cladophora also develops beyond 
all bounds in large vessels once it has gained access, and usually 
spreads so rapidly as to choke out more desirable plants. 

Large insects in an aquarium should be removed. No good 
ever comes of their presence, and many destroy plant life. Water 
snails are very destructive and reproduce very rapidly. Good crops 
of desirable plants will result after Branchypus, or water shrimps 
have disappeared, but their presence in a jarof plants is not desirable, 
and with the organic matter which they consume they certainly 
consume a considerable amount of unicellular algae and reproduc- 
tive stages of higher algae. Entomostraca and small crustacea are 
great enemies to growth of plants and it is very difficult to get rid 
of them because of their small size. 

A good check can be put upon them, however, by introducing 
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temporarily into a jar some U/ricularia. This plant has its leaves 
provided with little bladders in which entomostraca and small water 
insects are caught in large numbers and removed from the scene of 
their ravages. These little bladders are very numerous and I have 
found at times as many as half a dozen small insects captured in a 
single one. 

The jars in which filamentary algae such as Spirogyra, 
Mougeotia, Zygnema, G-dogonium and others are grown give better 
results when the bottom of the vessel is covered with about an inch 
of clear washed sea-sand. In some manner not quite evident, I 
have found that jars with sand in them are not so likely to decay 
by bacteria. To clean the sand it is sufficient to allow a stream of 
hot water to drip on it in the jar for half an hour. If the sand had 
ever been present where Oscillatoria or other Myxophyceae had 
been it should be disinfected by soaking over night in formalde- 
hyde and subsequent washing with cold and hot water in turn. 

The water which is used in the aquaria should be ordinary 
pump or tap water,—the former being preferable. If tap water is 
used it should be allowed to run quite a while, at least five or ten 
minutes before the jar is filled. The water standing in pipes takes 
up, especially in presence of carbon dioxide, small and often inap- 
preciable quantities of iron, lead, or other metals, in solution, pro- 
bably not from the metal, but from the ever present oxides and rust. 
These minute quantities of metallic salts are very destructive espe- 
cially to the confugatae and unicellular plant forms. Hard water, 
or water with lime in solution is also not the best for the above- 
mentioned plants. The hardness of the water can be almost totally 
removed after a time by the introduction into the jar of one or 
several young green plants of Chara. This plant has a large per- 
centage of lime in its cell wall and cell contents, and grows best in 
water when lime is present: and it serves well to eliminate it from 
the aquaria. This is probably the reason why Chlorophyceae in the 
presence of Chara react more promptly in accommodating themselves 
to their environment when put in the.fresh water of the laboratory 
jars. 

Some of the plants introduced into the laboratory jars from the 
field will take kindly to their environment if the water is not there- 
after changed and the precautions ana methods of treatment as 
outlined are followed. Others will disappear for the time and later 
come back in greater or less abundance most of them passing easily 
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into their reproduction stages. A quicker way than this latter 
more or less uncertain one has been devolved and considerable 
success attained. It has been found that if mud, grass, sticks of 
wood and the like are taken from the place in the field where certain 
plants have been observed or are known to have been present, and 
this mud is put into the laboratory jars, there will often in the course 
of a few weeks result a luxuriant growth of the plant even though 
no traces of the plant can be found at the time of the collecting. 
This method is especially applicable in winter, and then most 
striking in its results. The method applied at that season is not 
unlike that used in ‘‘forcing’’ the higher plants for flowering at 
Easter. An example which was several times repeated will illustrate 
this. In the winter of 1907 some mud, wood, and weeds that were 
found in an old barrel in the ground from which a spring gushed 
part of the year, were brought into the laboratory and put into a 
gallon beaker. Nanandrous @dogonium had been collected there 
in the preceding spring and the material was excellent. The time 
of collection was about the middle of December in the course of a 
few warm days when the snow disappeared and the ice had thawed 
out by the warmth of thesunshine. A day or two after the material 
was introduced into the laboratory a blizzard came up rather 
suddenly. Snow fell that did not leave the ground till spring. 
In the laboratory the jar became covered within a week with a 
green coating, and it was found to consist of numerous zoospores 
which soon attached themselves to the walls of the vessel, changing 
their cilia into ‘‘holdfasts.’’ They grew rapidly and in great 
abundance so that within a month and a half, I had a large amount 
of the best nanandrous Gidogonium I have ever collected. The 
culture was practically pure, and had the advantage that it could 
easily be removed from the glass walls of the beaker without injur- 
ing the plants in the least. From time to time the plants were 
removed, and were found in all stages of sexual reproduction. As 
fast as the older plants were removed every few days new growth 
replaced them, this continuing until May of 1908. It seems then 
that bringing the mud containing the oospores into warm laboratory 
from the winter conditions outside had the same effect as the return 
of spring upon the plants. This ‘‘forcing’’ process was tried 
several times since, and though not with such striking results, a 
good growth of reproductive nanandrous @dogonium was obtain- 
ed. If the mud is introduced in two large a quantity propor- 
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tionately to the size of the jar bacterial decomposition will result. 
The process was also tried with other plants and usually with good 
results. 

Striking results are always obtained with Vaucheria geminata. 
The plant begins to appear late in the fall in its native habitat 
around springs and in pools. At the beginning of winter it has 
usually attained a considerable length of the filaments. The winter 
usually comes on it in the vegetative stage, and in shallow pools 
it is frozen hard in the ice until Spring. Cakes of ice containing 
this plant may be put into cold water and within a few hours after 
melting out be brought into a warm room. Several days later, so 
great an abundance of zoospores will result that they literally 
cover the surface of the aquarium, and can be scooped off in all 
stages of development for study. If the spores are left they will 
develop into new plants, which in the course of a few weeks will 
begin to develop an abundance of oogonia and antheridia, while 
the older plants will disappear. The plant can then in this way be 
made to produce zoospores any time during the winter season. A 
rather large aquarium serves best, and flowing or running water is 


not necessary, nor any regulation of light as is usually prescribed 
for zoospore production by older methods at other times of the 
year. Vaucheria sessilis will respond as favorably as Vaucheria 
geminata to such treatment but the latter is usually more abundant. 
Vaucheria sericea, a much smaller species than the two preceding 
has also been used with success. 


Diatoms which are usually present in large quantities around 
springs and in pools and ponds can be taken into the warm labora- 
tory in like manner and within a few hours afterwards will show at 
their best their characteristic movements. These plants always 
show their movements best shortly after being brought from colder 
to warmer water, so that in summer even, their motion are 
best demonstrated when brought from cold spring water to the 
warmer surroundings of the laboratory. 

By a process of treatment not unlike the ‘‘forcing’’ method just 
cited, Hydrodictyon was last winter made to develop in the labora- 
tory when there was freezing weather outside with several feet of 
snow on the ground. A jar in which a small amount of this plant 
was put for preservation during the fall and winter, was put on a 
window shelf just over a radiator where the heat was excessive and 
constantly equal day and night. The great heat brought about a 


MIDLAND NATURALIST. 93 


condition of environment not unlike that when this plant is re- 
producing in July, and with the same results. Nets were produced 
in all stages and sizes during the rest of the winter and only dis- 
appeared late in Spring. In another window and in another room 
similar results were obtained with the accompanyment of zoospore 
formation. These zoospores were found in vast numbers escaping 
through a small opening in the mother cell wall. Specimens of 
the net in .various stages of formation were sent to a student in 
another university, who induced zoospore formation in the cells by 
sudden lowering of the temperature and Subsequently raising it. 
Such results seem to me worthy of note as [ had never before had 
occasion to have growing Hydrodictyon during the winter months. 

To illustrate the regularity with which some algae will reap- 
pear in the jars even after all trace of them has been lost, Rivularia 
may be quoted as an example. Four years ago a good crop of this 
plant appeared in great abundance in one of the jars early in 
Spring. It has reappeared every year since then about the same 
time. 7o/ypothrix has also come out annually in one of the jars 
the contents of which were not disturbed during several years. 

Monoecious forms of Gidegonium appear annually and usually 
early in spring. The first appearance of this plant is usually ac- 
companied with the formation of asexual zoospores which seem to 
multiply the individual filaments. This stage is usually recognized 
by the kinky twisted appearance of the plant. The zoospores 
either escape from small holes formed about the middle of the fila- 
ments, or by breaking up the cells usually near one end of each cell 
in the chain thus causing a zigzag appearance of the filament seen 
under the microscope, and a kinky interwoven appearance as they 
can be seen by the naked eye near the surface of the water. Later 
on as the filaments increase in number, oogonia and antheridia are 
formed. 

Caleochaete scutata is ordinarily considered as a comparatively 
rare plant. Its periodical appearance in undisturbed aquaria is 
worthy of note. The plant remains attached to the walls of the 


aquaria for many months at a time, constantly increasing in diame- 
ter, often while the interior cells near the centre have completely 
rotted away, so that the plant looks like a ring rather than a plate. 
Such old plants in the laboratory nearly always eventually illustrate 
a peculiar method of vegetative multiplication. At the edge or near 
the last ring of cells, there are developed at intervals new centres of 
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growth, some cell or group of cells acquiring the power of multiply- 
ing in all directions and becoming ultimately new plants. Six to 
ten new plants are often produced from a large old one. 

This power of multiplication in radial direction not infre- 
quently is acquired by cells five or six layers inward from the cir- 
cumference though usually the cells on the perimeter alone become 
centers for the formation of new plants. 

We have found that Coleochaete scutata, at least in the vege- 
tative stage is not at alla rare plant, for there is hardly a single 
month in the year that one or other of the jars does not contain 
this plant in one or the other stages of development. Dr. G. S. 
West of the University of Birmingham has written me that though 
in vegetative stage it is common in England he has never seen it in 
fruit growing in the laboratory. Plants with antheridia and anth- 
erozoids we have had frequently, and nearly every culture shows 
these when the plants are young. Plants with divided carpospores 
I have found in the laboratory several years ago two or three 
times, and fixed material is still on hand. 

Desmids in conjugation have never been obtained by us in labo- 
ratory cultures, but such cultures were reported to me from the 
University of California. Vegetative Closterium is easily transferred 
to the laboratory, and there kept for a long time, continually 
dividing. Conjugating forms of small Spirogyra will appear usually 
in spring, as also such stages of Zygnema leiosperma. Larger jars 
of ten or more gallons capacity seem favorable to their growth. One 
to two gallon jars will often produce zygosporic material in spring 
when well exposed to sunshine. I have found that it is at times 
only necessary to transfer Draparna/dia in early spring from its 
native habitat in ditches to the laboratory in shallow vessels, in 
which some organic matter such as bits of meat or flies are put 
when an abundance of zoospores will be produced. Chaetophora too 
will produce zoospores in the laboratory. Early in summer is also the 
best time to obtain sexual stages of Achlya, or fly-mould. This 
thrown into stagnant water from ponds first produce oogonia and 
antheridia and later zoospores exclusively. 

Though the water in aquaria where algae grow should never 
be completely changed at any time it is necessary to replace the 
water that disappears by evaporation. The plants will of course 
after a certain time remove all the salts that are present and serve 
as plant food. These salts can be supplied in two ways. Water is 


MIDLAND NATURALIST. 95 


added from time to time to supply what has evaporated but the 
amount added at any one time should never exceed one fifth of the 
total contents of the jar, or the plants may be either killed or seri- 
ously retarded in their growth. The water added contains enough 
salts in solution to last the growing plants for some time. Another 
method of replacing food removed from the jars in the process of 
growth is to add the salts directly in the proper proportions as 
shown by Sachs. Such plant food can be obtained in the form of 
tablets* and one can be added toa jar every few months. For 
algae one tablet to every quart of water contents of jar added oc- 
casionally gives good results, and is a safer method than adding 
fresh water, the shock of which often proves fatal. In supplying 
water removed by evaporation, care must be taken that the water 
when taken from taps be free from rust, and that accordingly the 
the water be only taken afterit has run for some time. Iron is 
fatal to Conjugatae. It has been found that it is dangerous or de- 
structive to such a hardy plant as Marsilia vestita, one of the 
Pteridophyta. 

A method of obtaining or rather preserving algae alive depends 
on a principle just opposite to that of ‘‘forcing.’’ A considerable 
number of typical algal forms appear in summer or autumn when 
they cannot be used for demonstration. Among these are Hydro- 
dictyon and Spirogyra nitida. By putting these late fruiting 
plants in a jar in a normal diffusive light in a cool place they will 
last for months with little change. Spirogyra nitida I have thus 
kept in fruiting condition till spring, and this plant usually starts 
zygospore formatiun at the end of September. Hydrodictyon plants 
have also been kept in a cool well lighted place without decay until 
Spring. The reproductive stages at maturity remain a long time 
unchanged, and are not so subject to decay as vegetative stages. 
It might not be an entirely unprovitable procedure to attempt the 
arrest of the growth of plants in desirable stages until needed for 
demonstration. It might be of interest to find to what extent 
living plants will submit to preservation in mild state of cold stor- 
age until needed for class work. 

In regard to collecting algae from the field for class use best 
results are usually obtained in Spring. Most of the useful plants 
for class study appear then in our latitude but many remain or re- 


* These tablets can be obtained at very reasonable terms from Mr. E. F. 
Bigelow, Arcadia, Sound Beach, Ct. 
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appear in various places throughout the summer. Others never 
come till summer. Small pools and especially such as are dried up 
part of the year have been found to be most fruitful of the best forms 
as well as the greatest variety of forms. In large ponds and in 
streams of some size, or even backwaters of rivers water animals, 
crustacea, minnows destroy algae. Places even small that are 
permanently wet may have an abundance of material such as, 
Spirogyra, Mougeotia, G:dogonium, desmids free floating or as 
plankton, but oftener plants illustrating reproductive stages will be 
obtained from small bodies of water, streams or pools where the 
water has disappeared in summer or fall. Unicellular plants of 
Protococcoideae are usually found together. Fuglena, Pandorina 
Eudorina, Gonium colonies are commonly found in summer as 
constituents of the green scum on the wallows in fields where pigs 
are kept. Wet places near troughs where cattle are watered are 
often covered with Auglena viridis. Water pools near barnyards 
when manure is present also contains Euglena and other Protococ- 
coid forms, especially when exposed tothe hot sun. The Pandorina 
is usually found showing all stages of formatién of smaller colonies 


within the old cells. 
Pediastrum is usually found growing with Hydrodictyon and 


can be best obtained from the deposit falling from the floating 
plants to the bottom of the vessel in which they are kept. Often 
Pediastrum simplex is found with other unicellular forms or in 
common plankton floating on ponds. Desmids that secrete mucous 
are always found in shallow pools or sluggish streams either at 
the bottom when the water is cold, or rising to the surface when 
the water is warm and of lower specific gravity. Whenever such 
plankton is found in abundance which is rarely, conjugating forms 
will be present. The appearance of the plankton is that of a slimy 
mass often mucilaginous, but seldom or hardly ever stringy. 
Haematococcus grows only in rain water, and can usually be found 
in basins or other places where such water collects. It is ordinarily 
found only after rain. 

In collecting as well as growing algae great patience and per- 
sistence is necessary. It is always difficult to find the good stages 
of algae especially the rarer ones even when one has the best equip- 
ment for collecting such. The microscope we have found most 
suitable is an instrument already described in these pages.* One 
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must make it a rule to examine every bit of material one meets on 
a collecting expedition, and it often happens that the best plants 
are found where they are the least expected. It is a mistake to 
think that the greenest and best looking scums contain the best 
plants. Reproductive stages of plants are usually found in yellow- 
ish or muddy uninviting masses, whereas the green masses are 
common vegetative states of algae. 

The most important principle of all to follow is, however, that 
better results and more success will invariably be had rather by 
doing intensive and thorough work over a very small area, than a 
superficial and occasional examination of a large tract of country. 
From the data given above one may get a fairly good idea of what 
constitutes a likely place where algae are to be found. Once such 
a locality is fixed it is necessary often to make trips to it, every few 
days to watch the stages of the various plants present. About 
three fourths of the useful and rare algae I have found in the last 
five years were obtained from ditches along a railroad within a 
quarter of a mile of its length. The collector will soon find in his 
neighborhood the best place where these plauts are found. By 
visiting such a place frequently for only a single season, one will 
eventually be surprised at the success attained. One will soon be 
able to tell almost at a glance the common forms of cryptogams 
without microscopical examination, and even the stages of develop- 
ment in which they are. It inust, however, be remembered that 
experience fraught with many a failure is the best instructor, but 
also that a few remarkable successes in obtaining rare algae will 
make the collector and grower of these plants feel more than repaid 
for his efforts. 


Birds Found in St. Joseph Co., Ind., Each Day in 
June, 1909. 


BROTHER ALPrionsus, C. S.C. 


As May is the month when most of the birds migrate north- 
ward, so June is the nesting time for most of them. And as more 
species are seen during their migrations than may be found in any 
one locality when the nesting season begins, the total number of 
species seen will be considerably smaller in June than in May. 


| 
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Certain species are usually found in land of a peculiar charac- 
ter. The Red-winged Blackbird, Maryland Yellowthroat and 
Long-billed Marsh Wren inhabit marshy places near lakes or 
rivers. Purple Martins nest in towers or boxes. As towns fur- 
nish these birds with suitable nesting places, they are seldom seen 
in the country until about the first of July. Cedarbirds and 
Goldfinches wander about a great deal until they begin to nest in 
July. 

The birds found by the writer during June are most of the 
summer residents of the county and vicinity. For two successive 
summers the writer saw a pair of Rose-breasted Grosbeaks nest in 
a maple tree near a house in the country, but this year he has not 
seen a single specimen since May 12. The Downy Woodpecker, a 
common bird in this county from July to March, disappears as 
spring approaches. 

Birds seen every day: 

Chipping Sparrow House Wren 


Song Sparrow Wood Pewee 
Warbling Vireo Robin 


Birds not seen during the month: 


Hairy Woodpecker Whip-poor-will 
Downy Woodpecker Scarlet Tanager 
Rose-breasted Grosbeak Alder Fly catcher 
(Chickadee Yellow-legs 
Bobwhite Bittern 


Birds seen every day except on the dates after their names: 
Chimney Swift, 6, 11. Red-headed Woodpecker, 6, 25. 
Yellow-billed Cuckoo, 5. Kingbird, 4, 11. 

Blue Jay, 13. Crow; 1, .3, 7). 27- 

Cowbird, 6, 11, 15, 28. Red- winged Blackbird, 1, 3, 5, 

Meadowlark, 5. 6, 7, 9G, 14, 35. 

Orchard Oriole, 23, 26. Baltimore Oriole, 26. 

Purple Grackle, 2, 11, 26. Goldfinch, 2, 3, 5, 9, 13, 15, 27. 

Field Sparrow, 2, 3. 28. 

Vesper Sparrow, 4, 7. Barn Swallow, 3 to 9g, 20. 

Catbird, 8. Brown Thrasher, 6, 9, 14. 

Bluebird, 1, 4, 5, 6, 7, 20, 24. Mourning Dove, 2, 3, 6, 9, 10, 20. 

Spotted Sandpiper, 4, 6, 22. Flicker, 1 to 7, 11, 13, 14. 

Dickcissel, 1 to 8, 19, 11, 13, Indigo Bird, 1, 3, 6, 9, 10, 11, 
14. 12, 13, 16, 17; 16. 
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Birds seen on the dates after their names: 


Owl, 5. 

Hummingbird, 7, 8, 20, 28. 

Bobolink, 9, 12, 13, 17 to 20, 
22, 20; 27. 

Cardimel, 22. 

Cedarbird, 3, 18, 24, 26, 27. 

Yellow Warbler, 9, 13 to 22, 
26, 

White-breasted Nuthatch, 4, 6, 
7; 9) 12, 13, 19, 20, 29,30. 


Purple Martin, 24, 25, 28, 29, 30. 
Swamp Sparrow, 1, 14, 20, 21, 23. 


Redstart, 2. 
Long-billed Marsh Wren, 22. 


Belted Kingfisher, 2, 3, 7, 8, 12, 

Crested Flycatcher, 2, 3, 4, 5. 

Yellow-throated Vireo, 8, 7, 14, 
15, 17. 

Towhee, 2, 19 to 22, 24, 26. 

Red-eyed Vireo, 1, 2, 3, 6, 15, 
19 to 23, 25. 

Maryland Yellowthroat, 20, 21, 
22, 25, 26. 

Nighthawk, 19, 25. 

Kildeer, 2, 4, 11, 12, 15, 17, 20, 
21, 22, 25, 26, 28, 29. 

Loggerhead Shrike, 2, 5, 14, 19, 
26, 21, 23, 26, 30. 


Number of species seen each day: 


June 1, 27 


June 16, 27 
3s 
18, 34 

19, 37 

20, 39 
21, 35 
23,. 37 
23, 30 
24, 31 
25, 35 
26, 38 
27, 35 
28, 35 
29, 35 

39, 34 


Total number of species seen, 50. 


Some Thalictra from North Dakota. 


EDWARD L. GREENE. 


The Eastern half of the State of North Dakota, lies well with- 
in our Midland Prairie Region. A little to the eastward of the 
very middle of the state there is presented a geographical feature of 


3, 25 
4, 26 
5, 26 
P 6, 20 
7» 27 
8, 3! 
9, 30 
“36, 29 
12, 33 
32 
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considerable interest. Somewhat to the westward of the most con- 
spicuous group of Dakotan lakes, of which Devils’ Lake is largest, 
there exists a height of land, perhaps some fifty or a hundred miles 
in length, and possibly here and there almost as broad, which forms 
a natural barrier separating different water sheds. The trend of 
this very definite if not greatly elevated barrier is not quite meri- 
dional, but inclines to northwest and southeast, and from much be- 
low midway of it northward, the streamlets draining the elevation, 
if from the western slope flow to the Souris River, if from the 
eastern, to the Red River of the North; so that the major part of 
the whole drainage is, though by two separate and distinct main 
channels, tributary to Lake Winnipeg in the far North. 

From the more southerly extension of the plateau the stream- 
lets draining it all flow to the Missouri, whether they arise from the 
eastward or the westward slope of the elevation; and thus this 
southerly drainage has the Gulf of Mexico for its destination. 

Such, in rude outline, is one topographic feature of central 
North Dakota; and guided by the maps only, the student of plant- 
evolution and distribution would expect this to be something of a 
land of promise for peculiar and unusual forms and phases of plant 
life. It is a region where four different floras might be expected 
to meet and mingle. To the southward of it lies the western antl 
more arid extension of the great prairies as these occupy eastern 
and middle Kansas and Nebraska. To the northward are the very 
different steppes of Manitoba and Assiniboia. Eastwardly lie the 
alternations of prairie and woodland that make northern Minnesota 
a region peculiar as it is vast. As closely adjacent on the western 
side of the plateau is that flora of the northern Rocky Mountains 
which occupies Montana. 

This, I say, is a peculiar district, where several extensive and 
well marked floras meet and mingle; or, putting the case different- 
ly, a kind of neutral ground whence radiate so considerable a num- 
ber of different phytographic regions. 

That this middle section of North Dakota really is such a phy- 
tograpically neutral ground has been impressed on my mind strongly 
by the examination of not afew botanical specimens that have been 
sent me from there for examination within the last five or six years. 
Whatever the family or the genus into which sendings fall, I have 
almost invariably found it difficult, and commonly quite impossible, 
to name conscientiously the species; this even in such familiar genera 
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as Aster and Solidago. Everything has seemed rather notably dif- 
ferent from what would be specifically the same thing if it had 
come from the farther East, or the remoter West, or even from the 
prairies of Wisconsin, or Iowa or Minnesota. 

Not very long since I asked of my friend Dr. J. Lunell, for 
some time a resident of this interesting region, that he would send 
me specimens of such 7halictrum species as he had collected in 
North Dakota. Of the specimens which he kindly and promptly 
sent,there are two which represent species hitherto undescribed; and 
I more than willingly present herewith my determinations of them 
all. And when I say more than willingly, I imply that it may be, and 
ought to be, more than a pleasure to investigate critically any part 
of any floral district standing thus by geographic limitations aloof 
from several others, and nothing less than the duty with him who 
has done so, to make known in how far, and in what manner of 
specific or varietal departures from more familiar types the mem- 
bership of each well known genus then presents itself. 

THALICTRUM DIoIcUM Linn. Under his number 79, Dr. Lunell 
sends two beautifully prepared specimens from ‘‘“Thickets, Penin- 
sula of Lake Ibsen, Benson County, 13 June, 1g09.’’ I assume 
that some one of Dr. Lunell’s correspondents has referred these 
specimens to 7. occidentale for this is the name written on the label, 
The two specimens belong to different species, and neither is 7. 
occidentale. A small plant, not yet in flower, or even in well develop- 
ed bud at the date, is plainly 7. diotcum. Its height is only a foot. 
Its leaves are two only, and both arising from the lower part of the 
stem. The leaflets areample and very thin. They are much broad- 
er than long, of a semiorbicular outline, and are beautifully and 
doubly crenate-lobed, all the secondary lobes being equal and very 
obtuse. These are precisely the marks by which anyone conver- 
sant with vegetative characters in this genus recognizes 7: diotcum 
when not in fruit. I speak of the species in its broader sense; for 
this Dakota plant, when its fruit becomes known, might easily prove 
more or less distinct from the East Canadian type of 7. dioicum. 

Now the second specimen before me under Dr, Lunell’s num- 
ber 79, is not at all the same plant as the other. It is in full flower, 
or even a little past that stage, at the moment when the other is 
hardly yet showing its buds. It is much larger, also has numerous 
leaves up and down its stem, and in the pattern of its leaflets it is 
altogether diverse from 7. dioicum. What it is we shall not be like- 
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ly to ascertain until we have other and more complete specimens, 
with mature fruit. 


Thalictrum thyrsoideum nov. sp. 


Planta inter affines humilis, 2—3 dm. alta, caule simplici 
rigidiusculo, leviter anguloso-striato, sparse folioso, in inflores- 
centiam mnudam subconfertam et thyrsiformem  terminante. 
Folia plerumque 3, non ampla, breviter petiolata; foliola 
firmiter membranacea, parvula, 11—13 mm. lata, suborbicu- 
laria aut interdum late subcuneato-obovata, supra medium 3-loba, 
lobis 2—3-crenatis, supra glauco-viridia, subtus glauca, utrinque 
minutim reticulato-venulosa. Sepala maris late ovalia, obtusa, albi- 
cantia vel interdum purpurascentia. Sepala feminei iis maris dimi- 
dio minora, magis herbacea. Antherz lineari-oblonge, acuminate. 
Achenia oblique oblongo-elliptica, sessilia. 

This small species inhabits dry prairie about Leeds, where it 
comes into flower late in May, maturing its fruit early in July. Dr. 
Lunell has distributed it under the name of 7. venulosum, but the 
plant lacks the characters of that species, its leaves being thin and 
not at all ‘“‘rugose-veiny’’ even beneath. Its achenes are nearly 
twice as long as in that species and much narrower. 

The plant which 7. ¢hyrsotdeum most resembles is my 7. cam- 
pestre belonging to the high grassy plains of Manitoba and Assini- 
boia, which is very prominently veiny beneath, and has also the 
ovate achenes attributed to 7. venulosum. 


Thalictrum Lunellii nov sp. 


Planta dioica fere metralis, caule laete viridi, laevi, glaberrimo, 
folioso, foliis peramplis; folia omnia subsessilia, pagina superiore 
saturate viridia, inferiore glauca; foliola magna 4-cm. longa, 3—3, 
5 cm. lata, basi et obtusa et subcordata, supra medium late et 
inequaliter, nec profunde, 7-9-loba, lobis brevibus latissimis obtusis, 
saepissime cuspidato-mucronatis. Achenia 5-8, brevia, crassiuscula, 
vix compressa, oblique ovalia, circa 6 mm. longa, apice acuta, tur- 
gide 8-costata. 

This fine species, belonging to the group 7. diotum, confine and 
oatdentale, was collected in July of this year (1909), in moist thick- 
ets of the Souris River near Minot, North Dakota, by Dr. J. Lunell. 

Any one acquainted with the geography of North American 
botany would naturally expect that a new Thalictrum from the 
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Souris Valley would by character indicate relationship to some 
Rocky Mountain species like 7. Fend/eri, rather than to any mem- 
ber of the genus which is of the remoter Atlantic or Pacific slope of 
the Continent. But 7. Fend/eri has definitely compressed achenes, 
with comparatively thin pericarp, of peculiarly oblique or one sided 
outline; and the nearest kindred of our new type from North Dakota, 
are the species first mentioned. It is not in near contact with 7: 
occidentale, a species of Vancouver Island and adjacent coastal re- 
gions, for that, according to Dr. Gray who first published it, has 
slender achenes a half-inch long. The short plump achenes of 7. 
Lunellit proclaim its nearer affinity for 7. confine of extreme north- 
ern New England; from which the Dakotan species differs by its 
larger, comparatively thicker, and quite turgescent achenes, as well 
as by its ample foliage of large leaflets quite differently cut. 


Thalictrum vegetum nov. sp. 


Planta e grege 7. polygami, illi magis vegeta, licet hu- 
milior. Caulis atrovirens, striatus, fere usque ad inflorescen- 
tian foliosus, apicem versus pilis brevibus plus minus appressis 
sparsim obsitus. Folia caulina ampla, circa 3 dm. longa, petiolis 
leviter, petiolulis magis crebre, hirtellis; foliola maxima, saepissime 
5—6 cm. longa; circumscriptina late obovata supra medium late tri- 
lobata, lobis obtusis, plerumque integris, mediano interdum inae- 
qualiter trilobo; foliolorum textura membranacea, pagina swperiore 
saturate glauco-viridi, sparsim pubigera, inferiore glauca et plus 
minusve tomentulosa. Filamenta alba lic t basi capillaria, et om- 
ino pendula; anthera linearia, fere aeque longa ac filamenta, 
acute mucronata: panicula fertilis contracta, ramulis, pedicellis caly- 
cibusque pilosiusculis. Achenia immatura breviter hirtella. 

The specimens of this new ally of 7. polygamum were collect- 
ed in the years 1902 and 1905, at Devil’s Lake, North Dakota, by 
Dr. J. Lunell, who remarks that this plant comes into flower from 
four to six weeks later than the other Thalictra of this region. All 
his specimens were taken in July; and those of the fertile plant 
with fruit not yet mature, were gathered in the middle of that 
month. 

The points of contrast btween this and our southern 7. foly- 
gamum are several and well marked. 

The plant of the Middle States and southward, while often 
gigantic in stature—frequently six and seven feet high—is in as- 
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pect quite thin and spare, because the foliage is remarkably small 
and far apart, and the flowering branches are equally remote, and 
are almost horizontally spreading. Thus what one must techni- 
cally denominate the panicle of 7. polygmum is sometimes a yard 
high and almost two feet wide, and so loose and open as seem no 
panicle at all. At an opposite extreme from this is the small con- 
gested panicle of 7. vegetum, while its yard high stem is closely in- 
vested with ample leaves, the single leaflets about two inches long 
and very broad. On such very marked vegetative differences alone, 
in default of other characters, the two species would be held distinct, 
without need of mentioning that the southeastern plant is glabrous, 
the northwestern one pubescent. But while the stamens of all East- 
ern 7. polygamum consist of a firmly upright clavate filament and a 
very short merely oval anther, those of 7. vegetum have filaments 
which are capillary and therefore pendulous, the anthers being thin- 
ner, and of four times the length of those of the eastern ally. 

The pubescence of this plant of North Dakota, extending as it 
‘does to the calyx, and even to the carpels, might cause one to ques- 
tion whether this might not be the long neglected and forgotten 7. 
dasycarpum. This particular species has been recently a subject of 
careful field study by me in its native wilds; for it is plentiful in 
southern Michigan and far eastward into Ontario, where it seems to 
take the place of the real 7. polygamum of the Middle States. 
Though a small plant compared with that, 7. dusycarpum has the 
floral characters not at all of the northwestern 7. vegetum, but of 
T. polygamum; that is to say, its filaments are clavate and erect and 
bear short oval anthers, all as in the southeastern species, from 
which it is distinguished as well by its different habitat and small 
size, as by its pubescent foliage, pilose pedicels and sepals, and more 
or less hairy carpels. 

Though truly and thoroughly akin to 7: polygamum there is 
nothing in the specimens of 7: vegetum that are before me to indi- 
cate that the species is other than dioicous; but further observation 
in the future may possibly reveal it as more or less polygamous. 


Washington, D. C. 
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